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WELCOMING REMARKS
by

JOHN A. HORNBECK
President
Sandia Corporation
Albuquerque, New Mexico

It is certainly a pleasure for me to be here this morning and to
represent the Atomic Energy Commission and Sandia in welcoming all of
you to the Contamination Control Symposium. For those of you who are
unacquainted with the local situation here, Sandia is a subsidiary of
the Western Electric Company, but is a prime contractor to the Atomic
Energy Commission. In fact, Sandia has only one contract and that is
with the AEC. All of the business it does is for the AEC, or on occa-
sion for the Department of Defense through the AEC. Thus, although
this is a joint AEC-NASA symposium, I feel that I can welcome you for
the AEC.

But I also feel that, at least historically, I can welcome you on
behalf of the National Aeronatic and Space Administration, since I spent
four and a half years with Bellcomm before coming to Sandia. Bellcomm
is a Bell System organization that also had only one contract and that
was with NAS\. There we were primarily engaged in systems engineering
on the Apollc Program for landing men on the moon in this decade. With
that one step removed, I would like to welcome you here on behalf of
NASA also.

The third way I should welcome you is as a good resident of the
sun country of the southwest, on behalf of Albuquerque and the State of
New Mexico, Just a few miles from here there is a tramway that goes up
to the top of the Sandia crest. It has only been in operation for less
than two years, and it is the longest tramway in the United States. It
provides a lovely trip up to the top.

I have just a few remarks that I would like to make on contamina-
tion control. These are somewhat personal, and my viewpoint will not
be that of each of you, but I would like to call to your attention what
may be rather obvious--the duality of the contamination control subject.
In one sense, the purpose is clearly the control of contamination, but
in another sense contamination control is involved in very much the same
thing as the observation of new physical processes. Sir Isaac Newton
was involved in an aspect of contamination control when an apple fell on
his head: he was, in a sense, contaminated. The incident called his
attention, however, to a physical process, namely that of gravitation.
An extraneous event occurred that led him to a very fundamental
observation.
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In my own experience, some years ago, the duality of contamination .
control was a very real part of the everyday world in which I lived. 1In
1953, the first single crystals of silicon were made at Bell Telephone
Laboratories in New Jersey. Transistors and other semiconductors are so
well known now and so widely used that to some of you it may seem strange
that there was a time when we had difficulty in making a single crystal

nf cilicon_ One aspect nf contamination control in cemiconductore con-

cerns the group 3 and group 5 impurities which control the resistivity

of the material. This was recognized at the time. However, a colleague ‘
and I decided to look into another aspect of the properties "of silicon,
and this had to do with its photoconductivity: 1if some light were shone
on a single crystal, a conductivity change would occur in the material,
and this increased conductivity could persist for some time. Actually,
the study of photoconductivity in this kind of effect was quite old.

Well known research people in Germany had studied the phenomena in the
early 1900's and into the 1920's, when long-term photoconductivity
effects in various materials were a great deal more mysterious than they
are today. The photoconductivity effect in silicon we pinned down to

be associated with traps for electrons or holes, that is for the minor-
ity carriers in the silicon material. 1In one type of silicon material,
we found three traps for minority carriers. With three sets of traps

we were able to account for all the photoconductivity effects lasting
from fractions of a microsecond to tens of thousands of seconds. We

had a theoretical model which explained what was going on.

The duality here is quite clear., The traps are associated with
impurities in the material, in the single crystal of silicon, and the
physical effect, which is the other way of looking at it, is the photo-
conductivity, The same kind of observation can be made with respect to
color centers in alkali halide crystals., When an atom is missing from
the lattice and an electron happens to be trapped in that site, we have
one kind of color center and we have a defect or a contamination, but
if there are interstitial atoms in the lattice, we have another kind of
color center. And again we have the duality of an imperfection or con-
tamination and a physical process.

These remarks lead me to one further observation--in pursuing the
control of contamination we must have means for testing or detecting
the contamination, We need measuring techniques for sensing as well
as techniques for identifying the particular contamination. In the
examples I gave, the color centers in alkali halide crystals, I identi-
fied an electron in an atomless lattice position as associated with the
contamination., In the case of the normal conductivity of semiconductors,
the contaminant was associated with the amount of group 3 or group 5
impurities in the lattice. We can not only identify the contaminant
but also measure the amount of it present. With photoconductivity we
knew the traps were present and we could measure the number, but at that
time we could not identify what material was added to the silicon which
was itself the cause of the traps. So in one case we do identify and
in the other case we do not. It is important, for obvious reasons,
both to sense and to identify.

It is clear from these remarks that I am not making an address.
My principal objective in being here is to welcome you to Albuquerque
and to encourage you, if you have more time, to stay beyond the Contam-
ination Control Symposium and enjov the Land of Enchantment. Thank you,
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INTRODUCTION

by

R. W. HENDERSON
Vice President
Sandia Corporation
Albuquerque, New Mexico

Over the past few years, there has been a tremendous increase of
attention paid in laboratories, development groups, manufacturing con-
cerns, and medical facilities to the extreme importance contamination
control plays in achieving desired goals in the accomplishment of the
task at hand. 1In all too many cases, the failure to achieve these
goals has been traced to inadequate contamination control. Failure to
succeed at any task costs dollars in scrappage, rework, doing the job
over again, or resorting to an alternate, less attractive solution to
the problem to avoid the difficulty. The pressure of competition for
available dollars demands that every possible step be taken to do the
job right the first time, and that goal has generated intensive work
by many to develop techniques and controls that will assure step by
step maintenance of acceptable contamination levels.

Contamination has many things in common with death and taxes.
Left alone and ignored in this world's exponentially expanding activi-
ties, it will behave exactly like entropy -- increase, ad infinitum.
But, as in death and taxes, organized probing attacks by dedicated
competent people can at least deter its voracious effects, and, hope-
fully, eliminate them in some areas of prime importance. Knowing the
nature of a contaminant, its origin, and how it reacts with or responds
to attacking agents or mechanisms is half the battle in achieving its
elimination or preventing its infiltration at the outset.

To be sure, control of contamination has been considered some-
thing of a virtue since mankind became aware of its existence, but,
all too often, it was tackled as an afterthought, thereby resulting in
cobbled-up appendages to the activity, product, or process in question.
Beneficial results thus achieved are characteristically costly and may
even result in degradation of the effectiveness of the activity, prod-
uct, or process that the contamination control effort was supposed to
improve.

Obviously, therefore, there was and is major need for considera-
tion of contamination control as an integral part of the initial inputs
to design requirements so that evaluated trade-offs can be made con-
tinuously by manipulations of these many requirements throughout the
evolution of the design. Only by this give and take mechanism can one
arrive at an integrated solution approaching the optimum.
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An excellent illustration, being kept in front of the public at
this time through national news media, is the attack upon objectionable
constituents in the emissions from the internal combustion engines of
motor vehicles. The first top-of-the-head ideas on control of this
problem rather understandably focused upon exhaust scrubbers of one
type or another, and mmerons untrained though vecal sclf-styled suto-
motive engineers, rose up from the lay public with ready add-on '"solu-
tions.'" Simultaneously the laboratories of the automotive industry
started to analyze the content of the total emissions to identify
specific chemical components and their concentration.

The first source of emission of unburned hydrocarbons tackled
was blow-by past the pistons, into the crankcase, and out the crank-
case breather pipe to the atmosphere--a large contribution, particularly
in older cars with worn piston rings and cylinders. A 30 percent re-
duction in total emission was achieved on 1961 models for sale in
California, and for nationwide sale on 1963 models by the addition of
a feed-back path from the crankcase to the carburetor outlet to the
engine, thereby eliminating the crankcase breather.

Since proper air-to-fuel ratio is essential to efficient combus-
tion, complicated by this crankcase vapor return, it was found that the
daily and annual wide variations in air temperature had to be grossly
reduced. This is being done on 1968 models through the incorporation
of an air preheater which uses the heat from the exhaust manifold.

Thus the air intake to the carburetor will be temperature controlled
to a much greater degree, permitting better control of the air to fuel
ratio over the daily driving cycle.

In addition to these two major improvements, air is to be injected
into the hot exhaust manifold to accomplish more complete combustion of
the unburned hydrocarbons and the conversion of carbon monoxide to car-
bon dioxide as they leave the cylinders. The additional heat generated
in this process will result in a hotter exhaust system with its con-
sequent design and materials compatibility problems in mufflers--a fine
example of the need for integrated design from start to finish wherein
all factors are considered simultaneously.

These three improvements in design will result in a 60 percent
reduction in objectionable emissions; but with that in hand, another
significant source comes into focus--the surprising amount of gasoline
that evaporates directly to the atmosphere from the hot carburetor
assembly and from the gasoline tank breather system. These two sources
are quite appreciable, so work is progressing on their elimination.
Lower vapor pressure fuels would help, but their use would reflect
directly back into carburetor and engine design if current levels of
horsepower per pound of engine weight are to be maintained.

And so it goes. The elimination or control of major sources of
contamination uncovers also-rans that emerge into the spotlight for
similar attack--a never ending challenge that the world can no longer
blithely ignore if its health and future well-being are to be guaranteed.
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Since much of the work to date and hoped for in the future to
eliminate this contamination control problem has been or will be
accomplished through the expenditure of taxpayers' dollars, directly
or indirectly, we are all obligated to share our successes, and often
equally important failures, with each other and with society at large,
to the end that the wheel will not be repeatedly reinvented and maxi-
mum progress can be achieved at the earliest point in time and at the
lowest dollar cost.

Therefore, the objectives of this Symposium are:

1. To provide a means of exchanging technological
information concerning advances in automation
and advanced instrumentation for contamination
control.

2. To provide a better understanding of capabili-
ties and limitations of contamination control
monitoring equipment.

3. To explore future needs for contamination
control instrumentation.

To address these objectives, the program has been arranged into
six sessions:

Session 1. Contamination in liquids.

Session 2. Radiation monitoring.

Session 3. Surface contamination.

Session 4. Air and Gas contamination.

Session 5. Microbial contamination.

Session 6. Systems approach to contamination control.

Again we are pleased that so many of you have shown enough inter-
est in the subject to travel many miles to exchange ideas and become
better acquainted with others facing similar problems. We also con-
sider it a distinct honor that this symposium is being held in
Albuquerque. We hope that you will enjoy your stay in the Land of
Enchantment and carry away with you more insight than you brought to
this discussion of one of the greatest threats facing this country
today, particularly as it relates to our atmosphere and water resources.
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SESSION I
CONTAMINATION IN LIQUIDS

INTRODUCTION

by
J. N. GAYLE

Kennedy Space Flight Center
Cape Kennedy, Florida

In the space industry, contamination control first gained a foot-
hold as a separate discipline in connection with liquid systems when,
in the mid-1950's, a small laboratory was established at Redstone
Arsenal to sample and analyze hydraulic fluid for particulate content,
Since then, the scope of contamination control has been enlarged to
include almost every type of contaminant and media imaginable.

At Kennedy Space Flight Center, the importance of contamination
control in liquid systems is reflected in the 1000 commodity analyses
performed per week in support of the APOLLO program, with most of these
commodities being liquids. In addition, the Air Force laboratory per-
forms about 500 analyses per week in support of the unmanned launch
programs.

The current rejection rate is on the order of 20 percent. Every
time a sample is rejected, the impact may range from one extreme to
the other. The minimum impact is going out and getting another sample.
Or it may be a little more drastic in that the commodity has to be
returned to the vender. And the maximum impact, of course, is the
delay of a major test or launch. So it can be seen that there are
real problems in contamination in liquid systems.

The first three papers in Session 1 are related. They all deal
with the development of automatic instruments for the measurements of
nonvolatile residue (NVR) content of solids. The practical importance
of this particular measurement can again be illustrated by the opera-
tions at Kennedy Space Flight Center, where NASA and the Air Force
together perform about 400 NVR determinations per week in support
primarily of the various cleaning functions. Not only would a short,
fast, and accurate method represent a significant savings in terms of
manpower, but also it would represent a major savings in turn-around
time for hardware, which is frequently idle since it cannot be packaged
or put into the system while the results of the analyses are being
awaited.
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The last three papers of this session will deal with the more
general problem of sampling and anslysis of fluids for the various
contaminants, ranging from the overall problem involved in automating
the monitoring of contamination in fluid systems, and the use of re-
sistance measuring techniques to detect the presence of minute quanti-
ties of metallic contamination in certain snlvente +to the effect ¢

;e e T v

particulate contaminants on various hydraulic system components.
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1. NONVOLATILE RESIDUE TEST METHODS

by

D. N. VICKERS

Marshall Space Flight Center
Huntsville, Alabama

Early in the space program it was discovered that most organic
materials and liquid oxygen %LOX) make very sensitive and hazardous
mixtures. This and other contamination factors resulted in some strict
space hardware cleanliness requirements. The most frequently used oil
cleanliness evaluation method in industry has been the water break
test, which is more a ''go, no go'" test than a quantitative test. The
nonvolatile residue (NVR), gravimetric test presently used was devised
in an effort to obtain a quantitative answer; however, it was soon
apparent that the method had many deficiencies as follows:

1. Evaporation, weighing, and reweighing of the sample is time
consuming, especially in the case of high boiling solvents such as
trichloroethylene. Trichloroethylene requires about 3 hours from start
to finish for a single sample; however, on a production basis with the
use of a flash evaporator, the average time per sample is less than
1 hour.

2. Part of the NVR is lost with solvent vapors during solvent
evaporation, and this loss is not constant enough to allow the use of
a correction factor.

3. Even if the analysis method were completely accurate, the
results would still be only an approximation of actual surface contam~
ination. Tests have shown that only a portion of contamination on a
surface can be removed by test solvent flushing, and this portion is
variable, depending upon flushing conditions.

Figure 1 shows typical NVR test rsults by the gravimetric method.
Data are from analysis results for prepared samples of heavy mineral
oil in trichloroethylene. Note that the percent recovery ranges from
about 48 to 72 percent, and that percent recovery is not reproducible
for a given contamination level, as evidenced by identical samples 1-2,
and 3-5, These analyses were conducted at a controlled ambient tem-
perature, about 33°C, to duplicate test conditions as closely as
possible and to lose a minimum of oil by evaporation.
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MILLIGRAMS OF MILLIGRAMS OF PERCENT
SAMPLE OIL ADDED OIL RECOVERED | RECOVERY
1 5 3.12 62,4
9 5 2.40 48.0
3 v 7.22 72.2
4 20 15,12 75.6
5 10 5,45 54,5

NOTE: DATA FROM HAYES INTERNATIONAL CORPORATION, NASA
TEST REPORT NO. 10911, VOLUME 1, CLEANING STUDY

PROGRAM, CONTRACT NO. NAS8-2483,

Figure 1. Ambient temperature evaporation
of trichloroethylene

To resolve these and other problems, help was solicited from
industry, and in 1962 a contract was awarded to Illinois Institute of
Technology Research Institute (IIT) for development of analytical
methods and test equipment for determination of hydrocarbon contamina-
tion. The testing and analysis methods shown on Table I were studied.

TABLE I

Teating and Analysis Methods Studied by ILTRI

1. On site-testing of launch vehicle surface cleanliness.
. flash photolysis
adsorption - desorption

. vacuum desorption

o O w >

vibrating capacitor

2. Determining minute hydrocarbon contamination levels
in chlorinated (trichloroethylene) flushing solvents.

. attenuated total reflectance
. critical angle ellipsometry
near-infrared spectroscopy

O 0w >

. light scattering
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Part 1 on the table lists surface cleanliness evaluation methods
alternate to the solvent flush and NVR analysis method, which were
evaluated, and they will not be discussed. Of the NVR analysis methods
in Part 2 and several other methods which have been tried during the
past 10 years, all but one were found to lack the required sensitivity
in the range of 0 to 20 mg of oil per 500 ml of solvent. Light scatter-
ing was the only method tested which gave the desired accuracy and speed
of analysis. The method measures NVR as a function of the amount of
light scattered by the NVR droplets which are formed when solvent is
evaporated from a filtered contaminated solvent aerosol.

Figure 2 presents a good picture of the sensitivity of the
laboratory instrument used by IIT in its study of the light scattering
method with Harmony 69 oil used as the contaminant. Note that the
curve shows good sensitivity in the range of 0 to 20 ppm. The sensi-
tivity was less for halogenated test contaminants such as KEL-F-10.

Photocurrent
1x10°% a

Background Scattering Exhibited
1 by Clean Trichloroethylene

" L " L "
2 3 4 5 6 7 8 9 10 11 1213 14 15 16
ppm 0il Contamination Level

Figure 2. Total light scattering for Harmony 69
0il when diluted from 50 ppm standard
solution to various contamination
levels

As a result of this feasibility study, IIT furnished two proto-
type production instruments to the Marshall Space Flight Center for
evaluation. The first instrument was evaluated by the Propulsion and
Vehicle Engineering Laboratory, and its conclusion was that the method
is faster and more accurate than the gravimetric method, but that the
equipment could be improved. The second instrument incorporated
improvements made as a result of the first instrument evaluation, and
it is being evaluated by the Quality and Reliability Assurance
Laboratory.
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Table ITI presents the capabilities and limitations of the second
instrument which have been noted to date. In sum, the equipment is
capable of performing fast, accurate analyses with a high degree of
reproducibility. It can operate on either batch or continuous basis.
When it is operating continuously in-line with the cleaning process,
it 1s automatic aflfier siari-up and printe discrete analyaees at less
than 1 minute intervals. The mode can be selected to measure NVR in
either the influent or effluent solvent or to measure the difference
between the two. Operation is slower on a batch basis, requiring 20
to 30 minutes to compare a sample to a blank. The percent of error,
based on analysis of prepared samples, is less than 10 percent that
of the gravimetric method. Reproducibility does not vary between
operators as does the gravimetric method.

TABLE I1

Evaluation of Light Scattering Equipment and
Technique for NVR Analysis

Advantages

1. fast

2. accurate

3. reproducible results

4, automatic operation

5. batch or continuous on-stream operation

Limitations

. equipment mechanical maintenance

equipment electronic maintenance

matched nebulizers required for comparison mode
low sensitivity in 0-10 mg/500 ml range

v B N
.

. low sensitivity for halocarbon NVR materials

Equipment limitations are composed principally of maintenance
problems, and these are mostly electronic. Accuracy and sensitivity
are good when the equipment is operating properly; however, sensitivity
in the 0 to 10 mg/500 ml range, where most of the work is done, is much
less than at slightly higher concentrations.

Figure 3 shows calibration curves based on prepared samples of
a hydrocarbon compressor oil in trichloroethylene. Since sensitivity
is a function of the slope of the calibration curves, sensitivity is
about three times greater in the 10 to 20 mg range than in the 0 to
10 mg range. Also, the REL 'B" curve, being steeper, shows better
sensitivity than the REL "A'" curve. The difference in the two curves
is thought to be caused principally by differences in the two nebulizers.
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The nebulizer atomizes the solvent and is a major determining factor
in the properties of the aerosol. 1Ideally, the nebulizers should be
matched so that the calibration curves are almost identical. This is
especially important in the comparison mode for measuring the differ-
ence in NVR level of two solvent samples. These two curves also
suggest that there is an optimum nebulizer design for maximum sensi-
tivity of a given system.

Viores

M

Mg ./ 500m/.

Figure 3. Hydrocarbon compressor oil
in trichloroethylene

Both the technique and equipment look highly promising; however,
based on the evaluation performed thus far on the prototype equipment,
equipment development has not advanced to the point where it can re-
place the present gravimetric method. We are still evaluating the
equipment and will continue working with the contractor in an effort
to increase equipment reliability.
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2. AN AUTOMATIC METHOD FOR MEASURING THE

f st s AT TT TITVATATIITT AT AT TYAAITATA ON >
NONVOLATILE RESIDUL Or CLEANING SCLVIENTS

by M. R. Jackson and M. J. Salkowski*
Presented by

M. R. JACKSON

IIT Research Institute
Chicago, Illinois

Abstract

An instrument is described for measuring the nonvolatile residue
of cleaning solvents on a continuous basis. The residue is concentrated
in aerosol form by evaporation of the more volatile solvent. The volume
of the concentrate aerosol is assessed by using a forward light scatter-
ing photometer. Experimentally derived curves relating photometer out-
put to nonvolatile residue concentration are presented.

Introduction

There is an increasing demand in the aerospace and other indus-~
tries for components free as soluble residues. These range from oil-
free liquid oxygen systems to flux-free radio and television circuit
boards. Improved solvents and cleaning methods do much to satisfy
these demands, but since economically it is usually necessary to dis-
til an organic cleaning solvent after use so that it may be re-used in
subsequent cleaning operations, there exists also a need for an instru-
ment to measure the nonvolatile residue of cleaning solvents. Such an
instrument has additional applications both in determining the relative
efficiency of cleaning solvents and in following the progress of a
cleaning operation,

This report describes a nonvolatile residue nephelometer developed

for the NASA Marshall Space Flight Center,l The nephelometer will meas-
ure continuously the nonvolatile residue of cleaning solvents.

Principle of Operation

The solvent-and-residue solution to be analyzed is aerosolized
with a clean dry gas supply into a near monosized 2 to 3y aerosol. To
this is added an excess of clean solvent-free air to evaporate the
solvent. The nonvolatile constituent remains as submicron aerosol in

*Now with Laboratory Equipment Corporation, St. Joseph, Michigan.

1Contract No. NAS8-20659.
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‘ the solvent vapor and air mixture and is passed through the sensing
zone of a dark field photometer. A photomultiplier tube system detects
and time-averages the total quantity of light scattered in a near for-
ward direction by these residue droplets. The photomultiplier tube
output is related by calibration to the concentration of nonvolatile
residue in the solvent.

Instrument Design

An earlier model of this instrument was described at a previous
conference.Z Modifications have been made to this design to provide
easier sample handling and calibration and to make possible on-steam
analysis. The instrument is shown in Figure 1.

Figure 1. ©Nonvolatile residue nephelometer

. 2M. J. Salkowski and D. Werle, Symposium on Surface Contamination,
Gatlinburg, Tennessee, June 1964, Pergamon Press.
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As the schematic lay-out in Figure 2 shows, the nephelometer

comprises three functional areas:

(1) aerosol generation and handling,

(2) photometric detection, and (3) electronic processing of data.

Nebulizing
Cup A

Nebulizing
Cup B

Solvent
Reservoir B

Solvent
Reservoir

Aerosolizin Diluti
Air 1lution Dilution
Air

Air

| ! '

Overflow

Solvent
Pump

T for
on-stream
Sampling

T for
on-stream
Sampling

Solvent

overflow Overflow
Sheath/Filament
PM Tube
Electronic
Readout

Dark-Field Photometer

Solvent
Pump

Mirror.

Figure 2. Schematic layout of NVR nephelometer

To generate the aerosol, the solvent is pumped from the solvent
reservoir, or from a solvent stream, to the aerosclizing cups (see
Figure 3) with the solvent pumps. In the cups, the solvent is aero-
solized to a 2 to 3y aerosol with a de Vilbiss nebulizer and a dry gas
stream at 5 psig. To ensure that preferential solvent evaporation does
not cause residue enrichment in the cups, excess solvent is fed to the
cups and passed to waste, The nebulizers are operated continuously to
ensure the attainment of equilibrium conditions during the sequential
measurement of samples. During times when the aerosol sample is not
being photometrically analyzed, the aerosol is passed to waste.

All gas supplies to the instrument and all solvent lines were
filtered with membrane filters of nominal 0.45p pore size. Filters
were located after each possible source of solid contamination, i.e.,
pumps and valves upstream of the photometer.

After generation the aerosol is flash evaporated by the addition
of a solvent-free gas to leave an aerosol comprising droplets of highly
enriched solution of residue in solvent. This aerosol stream is pre-
sented to the photometer in a sheath filament configuration which allows
for open transition of the aerosol tube in the viewing zone without
causing droplet recirculation (see Figure 4).

30




«— Aerosol , Aerosol Filament

Solvent - Free Air Sheath

2-3 . Spray

Annular Light Cone

Liquid
8~ Overflow

NN

Exhaust
‘Liquid D Tube

Input
t——Air

Figure 4. Aerosol filament
and sheath

Figure 3. Aerosol generator configuration

assembly

After passing through the photometer the sheath and filament are
pumped to an exhaust as a combined stream. The exhaust is run below
atmospheric pressure to ensure that the aerosol sheath and filament
configuration is not distributed by streaming in the event of small
leaks in the photometer housing.

The cone of light, through the apex of which the aerosol passes,
is produced by a coil filament lamp run off a feed-back stabilized
power supply and is defined by a series of slits, as shown in Figure 2.
A mirror inserted into the edge of the light cone downstream of the
viewing zone reflects light into a photocell. The response of this
photocell is used to control lamp intensity. The cap covering the
bulb has a central hole and filter holder through which light may pass
along the photometer. The center stop in the slit system contains a
two position rotatable valve. In one position the axial light is
allowed to pass directly to the photomultiplier tube. In the other
position this light is stopped. When an aerosol is assessed, this
position is selected. The other position is used during a standard-
ization procedure.

As components age, particularly the lamp and photomultiple tube,
changes occur in the amount of light falling on the photomultiplier
tubes under a given condition and the sensitivity of the tube to this
light. Thus it is possible for the calibration of the instrument to
drift with time. The standardization procedure ensures a constant
response, since both the lamp voltage, or more easily, the photomultiple
dynode voltage, can be adjusted to give a constant system output when
the axial light is viewed. This ensures that the total system sensi-
tivity remains constant and, thus, the experimentally determined cali-
bration relating system electrical output and solvent contamination
concentration can be maintained even though component characteristics
may change.
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A chopper run at synchronous speed is located immediately in ‘
front-of the photomultiplier tube. Thus, the tube sees an AC signal.
This is selectively amplified at synchronous frequency, rectified, and
time averaged by using a capacitor storage system.

The photomultiplier tube output may be displayed in one of the
following three ways with the system as illustrated in biock furw Lu
Figure 5. )

1. The photomultiplier tube output for a single nebulizer
cup may be displayed directly. Either cup may be used for this
function.

2. The photomultiplier tube output for both cups are dis-
played sequentially.

3. The photomultiplier tube output for both cups are
measured and stored sequentially and their difference displayed.

In these three methods of signal presentation, the first two are
used for measuring absolute solvent purity; the third method, for
measuring relative purities. 1In this case, a known clean solvent or
the solvent entering the cleaning process may be used as the standard.
The cleanliness of the solvent leaving the process is compared to this
standard. This mode of operation allows the progress of the cleaning
operation to be monitored while the other two allow the absolute
cleanliness of the component to be monitored.

Photo- ces Storage and Digital
“Mhrultipli Amplifie Comparison Voltmeter Printer

Low
Voltage
Power
Supplies

H.V.
Power
Supply

Cam
Timer

Aerosol
Handling
System

VN —

Figure 5. Electronics block diagram
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Experimental Data

The instrument was calibrated by using solutions of oil in
trichloroethylene, trichloroethane, methylene chloride and freon 114.
Figures 6, 7, 8 and 9 shows the experimental calibration data. A
gravimetric technique was used for determing oil concentration by
using temperatures near ambient.

It will be seen that differences exist between nebulizers A and
B at the higher oil concentrations. These are due to dissimilarities
between the nebulizer efficiencies and aerosol handling components.
Two calibration curves which are reproducible for each nebulizer sys-
tem are thus obtained.

These calibration curves should be used to convert photometer
output to residue concentration. This is particularly important when
concentration of one solvent is measured relative to a standard if the
standard itself has a high contamination level. Should any components
in one unit be changed, the calibration curve may also change, but
recalibration can readily be carried out by using the known calibration
of the other nebulizer system. Thus, this provides a continuous or
batch measurement of nonvolatile residue contaminants for application
to low temperature boiling point solvents.
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3. THE SOLVENT PURITY METER AND ITS

APPLICATIONS TO FRECISION CLEANING
by

F. W, OSWALT

Manufacturing Research Division
Sandia Laboratory
Albuquerque, New Mexico

Abstract

Solvent Purity Meters have been used at Sandia Corporation since
May 1965 primarily to monitor the nonvolatile residue content of clean-
ing solvents. Moreover, they have been used and found valuable in
seven separate applications by twelve different groups within the past
year. Six different solvents have been monitored in conjunction with
the cleaning of assorted piece parts; hydrocarbons have been the most
common contaminants encountered.

Results of uses to date show the instrument reliably measures the
soluble residue content of volatile cleaning solvents and gives a use-
ful indirect index of cleanliness to the product being processed. It
gives an instantaneous and repeatable readout of residue as low as one
part per million and has been used either for batch sampling or as an
on-line continuous monitor for recirculating cleaning systems.

No major malfunctions or operator problems have been noted.
Definite cost savings are possible through the use of the meter. The
units used to date have been development models; however, commercial
versions are now available.

Introduction

In March 1965 Sandia Corporation began work on a Solvent Purity
Meter (SPM) for monitoring the nonvolatile residue content of cleaning
solvents. The design was based on the principle of aerosolizing a
solvent and, by using light-scattering techniques, measuring the non-
volatile residue (NVR) content with a photometer. This principle had
been described previously at the 1964 International Symposium on Surface
Contaminationl and Sandia's development of a prototype tester was cov-
ered in a presentation at the 1966 Technical Meeting of the American

lSalkowski and Werle, Nonvolatile Residue Nephelometer. Presented
at the International Symposium on Surface Contamination, Gatlinburg, ‘
Tennessee, June 8, 1964.
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Association for Contamination Control.2 A report summarizing one year's
experience on the utilization of the development instruments at various
suppliers was presented at the 1967 Technical Meeting of the American
Association for Contamination Control.3

The objectives were to maintain a low sensitivity level of about
one part per million (ppm), to provide instantaneous and repeatable
readout, and to do this in a simple-to-operate manner so that produc-
tion personnel could use the instrument.

Description of Equipment

In May 1965 a development model (see Figure, 1) was put into
operation at a supplier facility. The photometer4 is in the upper
portion of the figure, and the aerosolizing and solvent-handling appa-
ratus in the lower part. The photometer requires 115 volts AC at 5
amperes, and the aerosolizing equipment requires approximately 2 cubic
feet per minute (cfm) of building air or dry nitrogen. An in-line
absolute filter cleans the air or nitrogen before use.

As shown schematically in Figure 2, the solvent is introduced
into the nebulizer (atomizer) by use of a 50 cc syringe and a two-way
check valve. The solvent is then atomized and passed into the drier,
where 2 cfm of clean air or nitrogen is added. The drier output is
sampled by the forward-light-scattering photometer. The logarithmic
characteristic of the photometer readout is ideally suited to solvent
purity testing, since the readings of greatest interest are at the low
end of the scale,

Any of three methods may be used to supply solvent to the system.
The solvent may be poured into the syringe from a beaker or similar
small container, it may be hand-pumped from a drum or tank by use of
the syringe, or it may be continually forced through the system. Cali-
bration is accomplished by adding known amounts of a soluble contami-
nant, such as hydrocarbons or solder flux, to a reagent-grade solvent
and noting the photometer readings in ppm for the given amounts of
contaminant. A typical calibration curve is shown in Figure 3; the
abscissa denotes the photometer reading, and the ordinate represents
the NVR content in ppm. Concentrations greater than 100 ppm are diluted
with clean solvent so that on-curve readings may be obtained.

2R. C. Marsh, Cleanliness Meter and Its Application to Solvent
Cleaning. Presented at the 1966 Technical Meeting of the American
Association for Contamination Control at Houston, Texas.

3F. W. Oswalt, One Year's Experience with the Solvent Purity
Meter. Presented at the 196/ Technical Meeting of the American
Association for Contamination Control at Washington, D. C.

4Aerosol Dust and Smoke Photometer, Model JM2000, Phoenix
Precision Instrument Company, Philadelphia, Pennsylvania.
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Figure 1. Development model of solvent
purity meter
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Figure 2. Flow schematic of SPM
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The SPM has been used at Sandia Corporation to monitor trichloro-
ethylene, trichlorotrifluoroethane (TF), isopropyl alcohol, deionized
water, chloroform, and trichlorotrifluoroethane-methylene chloride.

Parts cleaned include small watch parts, machined components, electro-
mechanical subassemblies, high-pressure system parts, vacuum system parts,
printed circuit boards, optical assemblies, and aerospace components.

Applications of the SPM in cleaning processes are as follows.

Verification of Purity of New Solvent

Verification of the purity of new solvents (as received) has
often been neglected because of the processing time involved. At
Sandia, the SPM is being used to monitor the purity of the solvent by
taking a sample directly from the shipping container. The solvent is
hand-pumped with the syringe, with only the sample hose in the con-
tainer, thus eliminating possible sources of contamination such as
beakers and pouring. Thus far, there has been no reported instance of
high contamination in a new solvent; however, this does not minimize

the need for monitoring. The one minute required to make the test is
considered well spent.

Verification of Purity of Redistilled Solvent

Closely related to the above application is use of the SPM to
monitor the distillate in redistillation processes, both those incor-
porated into ultrasonic cleaning systems and those that are high-volume
stills. Not only does continuous monitoring verify purity at any given
time, but the SPM is a very useful tool for evaluating the capability
of the distillation process when extreme loads of contaminants are
present in the boiling sump.
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Determination of Part Cleanliness

Part cleanliness determination is another area in which much work
has been done, and yet no generally acceptable method is existent. The
SPM is not the answer to this problem; however, it does have an appli-
cation in this area and 1s so used. Monitoring is done at the final
cleaning stage of small parts that are beaker cleaned. The purity of
the solvent in the beaker is monitored before cleaning; after cleaning,
the solvent is again monitored. 1If there is an increase in contamina-
tion in the solvent, it is known that the part cannot be clean, since
there will be dissolved contaminants in the solvent adhering to the
part after it is removed from the beaker, and these contaminants will
remain on the part after the solvent dries. In cases where there is
no contaminant increase after cleaning, one can only assume either that
the part is clean or that there is a contaminant on the part that this
cleaning stage will not remove.

Development of Cleaning Processes

The SPM is being used to develop cleaning processes on the same
principle as discussed in the preceding paragraph. A number of like
parts are cleaned until no contaminant is being removed. These parts
are then dipped in a diluted mixture of solvent and the most likely
contaminant, and are then baked. They can now be used to determine
the relative effectiveness--in terms of equipment, time, and solvents
required--of various cleaning processes,

Educational Tool

Perhaps one of the most under-rated applications of the SPM is as
an educational tool for production workers., People become much more
aware of the need for and the validity of recommended contamination
control practices when the effects of using an unclean beaker, placing
a finger in the solvent, and similar practices are illustrated.

Troubleshooting of Cleaning Processes

Another application is troubleshooting of cleaning processes.
In a typical example, a plant used a central solvent supply to pump
solvents to all cleaning stations from this single source; the SPM was
being used to verify solvent purity at the cleaning stations. Suddenly,
a significant decrease in solvent purity was noted at all cleaning sta-
tions. A check of the solvent in the central storage tanks showed that
the NVR at this point was well within allowable limits. Downstream
from the pump in the system was a filter to remove particulate contam-
ination. It was found that the replacement of this filter had just
been completed at the time solvent contamination was first noted., Fur-
ther tests and subsequent contact with the filter manufacturer indicated
that a contaminant, possible uncured epoxy, was being dissolved from the
new filter by the solvent.
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Determination of Acceptable Rate of Cleaning

The use of cleaning systems with built-in redistillation has
raised the question of what cleaning rate can be maintained without a
build-up of NVR in the cleaning tank. The SPM has been used in estab-
lishing the quantities of parts that may be cleaned in a given time.

Maintenance

Maintenance of the instruments thus far has been limited to
replacement of broken glassware on two occasions, repair of minor leaks
in air-handling lines in one case, and adjustment of the photometer,
1t appears that maintenance is not a major problem,

Evaluation

It is well to emphasize that the SPM is sensitive only to soluable
contaminants and is not capable of counting particulate matter suspended
in solvents. A cross-check was made with three different meters and
three different operators to assay the effects of similar items of
equipment and the human factor aspects. Four of the more common sol-
vents were used in each meter. Calibration curves were prepared for
each solvent used in each instrument., Figure 4 shows the three curves
of one of the solvents plotted on a single graph; as can be seen, there
is some difference in the curves. However, when an unknown amount of
contaminant was added to a reagent-grade solvent and this solvent was
tested in the three instruments, the NVR readouts in ppm were found to
be nearly identical. Therefore, it is thought that no significant
equipment or operator error exists.
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The results obtained from this method of determining the NVR in
solvents have been compared to results obtained with procedures in
ASTM Standard No. D1353-64. The correlation between results shows
that the SPM method is accurate within the limits of laboratory
requirements.

There has been a question as to variation in the curves when
different contaminants are present in a solvent. Tests using TF as
the solvent, with light-weight lubricating oil, solder flux, and a
combination of the two as the contaminant, resulted in curves that
varied slightly from one another. These variations are no cause for
concern; however, it is suggested that the contaminant most likely to
be encountered in practice be used in calibration.

Looking Forward

Because of the intense interest in the development models exhib-
ited by Sandia suppliers, NASA groups, AEC integrated contractors, and
the aerospace industry, Sandia recognized that the next step should be
to establish commercial suppliers for the instrument.

At the present time, SPM's are available from two commercial sup-
pliers. A third firm has exhibited interest in marketing the instru-
ment, but to date has not done so. Figure 5 is a picture of a com-
mercially available instrument using equipment nearly identical to that
in the development models.

Figure 5. Commercial version
of SPM




It is easily noted that instruments manufactured by a company
with packaging knowledge and experience have a much more professional
appearance., Figure 6 is a picture of another commercially available
instrument; in this case, the manufacturer designed and fabricated his
own forward-light-scattering photometer. In both instruments, the
capability of using the photometer to leak test High Efficiency Partic-
ulate Aerosol (HEPA) filters is retained.

Figure 6.

Commercial version
of SPM

There has been some discussion of a combination meter that can be
used to determine NVR and also to count liquid-borne-particles; since
cleaning processes are becoming more exact, a device such as this may
appear in the future. Although the solvent suppliers have not as yet
used the instrument as a production monitor, it is believed that this
application is imminent. Some thought has been given to increasing the
sensitivity by improving the photometer; however, no demand for greater

sensitivity has arisen, and thus no efforts have been expended in this
direction.

Conclusions

The Sandia experience with the SPM has shown it to be a valuable
tool for use at facilities performing precision cleaning. Solvents
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currently being monitored with the SPM are (1) trichlorotrifluoroethane,
(2) trichloroethylene, (3) isopropyl alcohol, (4) deionized water,

(5) chloroform and (6) trichlorotrifluoroethane-methylene chloride.

The applications investigated with the SPM are (1) verification of new
solvent purity, (2) verification of redestilled solvent purity, (3) part
cleanliness determination, (4) develop cleaning process, (5) educational
tool and (6) troubleshooting cleaning processes.

The instrument has proven to be a valid, reliable, and repeatable
device for measuring instantaneously the nonvolatile residue content in
volatile cleaning solvents. This measurement has been a useful indirect
index of the cleanliness of the product being processed.
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by
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Many components used in rocket propulsion systems and spacecraft
are subject to malfunction or subnormal performance if excessive con-
tamination exists within the system, or if the purity of the fluid is
below a certain value. Because of the high reliability required in
the functioning of these components, contamination control plays a
very important part in the successful performance of rocket propelled
boosters and spacecraft.

This paper presents the results of a NASA-sponsored study, com-
pleted in April 1966, intended to provide a basis for possible eventual
use of automatic contamination sensors and monitors capable of being
installed in a fluid system, and of remotely indicating particle-
contamination count, amount of moisture present, purity of the fluid,
or some combination of these. Some information concerning mechanical
sampling is also included.

The fluids discussed in this paper are liquid oxygen, liquid
hydrogen, liquid nitrogen, helium, gaseous oxygen, gaseous hydrogen,
gaseous nitrogen, RP-1, 50/50 hydrazine/unsymmetrical dimethylhydra-
zine, monomethyl hydrazine, and nitrogen tetroxide.

A certain ambiguity is associated with the terms sampling and
monitoring. As used in this paper sampling is defined as withdrawing
a volume of fluid, or of some constituent of the fluid, including
particles, from the main fluid stream, and transporting it to another
location for analysis. Monitoring is defined as attaching to the main
fluid stream a device capable of measuring and reporting the variation
of a significant parameter of the fluid as a function of time.

The terms purity, impurity, assay, and particulate contamination
also require definition. Purity refers to the concentration of the
desirable constituent in the fluid, e.g., 99.6% oxygen. Impurity refers
to the concentration of undesirable constituents in the fluid, e.g.,
0.1% nitrogen in liquid oxygen. Assay refers to the proportion of
desirable constituents in a mixture, e.g., 50% hydrazine - 507% UDMH.
Particulate contamination refers to particles in the fluid that are
solid at normal room temperature.
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During the study program a survey was made of the launch, static ‘
test, and aerospace company facilities in the United States where the
fluids of interest to the study were utilized. The information obtained
included sampling procedures, sampling equipment, fluid criteria, and
automatic monitoring equipment. Manufacturers of instrumentation and
sampling equipment were also contacted to obtain information concerning
the instrumentation and sampling equipment readily available, possible
modifications to existing equipment, and conceptual ideas which might
form the basis for development of instrumentation to measure parameters
not capable of measurement with presently available equipment.

Mechanical Sampling Devices for Purity Parameters

Mechanical sampling for purity parameters (as distinguished from
particulate sampling) cannot practicably be improved upon for the major-
ity of the fluids. Existing devices, such as the Cosmodyne Cryogenic
Sampler for the cryogenic liquids, the double valved stainless steel
pressure bomb for the gases and the storable propellants (nitrogen
tetroxide and the hydrazine-type fuels), and a simple glass bottle with
screw-on bakelite cap and conical polyethylene seal for RP-1, are quite
satisfactory. Although some minor improvements are possible, no sig-
nificant changes to existing equipment are recommended.

Mechanical Sampling for Particulate Contamination

In general, sampling for particulate contamination is accomplished
by one of two general procedures. The first is to take a fluid sample
in a container, filter this sample through a membrane that has a count-
ing grid imprinted on it, and rinse the membrane and transfer it to a
microscope stage for counting. The second is to take a particle sample
from the fluid directly on the counting surface, which is evaluation-
rinsed or precounted before assembly, transported to the sampling site,
connected to the sampling point, disconnected from the sampling point,
and transported back to the laboratory (in most instances in uncon-
trolled orientation with respect to the vertical). In the laboratory,
the sampling device is disassembled, and the membrane is transferred to
the microscope stage for counting. The most significant problem that
accompanies these operations is the fact that particle generation can
occur in so many ways. Particles are generated or transferred each
time two surfaces touch, by mechanical and chemical attrition of the
surfaces (abrasion, corrosion), by electrostatic attraction, and by
cohesion or adhesion., Particles are borne by air currents and by
Brownian movement, and transferred by condensation. In fact, many
naturally occurring physical and chemical changes are attended by
particle generation or transfer.

Thus, the most difficult part of particle sampling is not the
sensitivity of the detection and sizing method, but rather the exclusion
from the counting surface of particles that were never in the opera-
tional fluid stream. These occur on the counting surface before samp-
ling and on the flow-contacting surfaces of the sampling-point con-
nections and of the sampling tool. They are accidentally transferred
to the counting surface during installation of the counting surface
into the sampling tool, during its removal from the tool and during
counting. They are generated by abrasion of mechanical components
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| during installation and removal of the counting surface and the sampling

l tool. They are transferred from the flow-contacting surfaces of sam-
pling and sample-transfer equipment in those cases where the fluid is

returned to the laboratory for filtration and counting. They are trans-

ferred from adjacent surfaces, from the atmosphere, and from personnel

during all times that the sampled fluid or the counting surface is

exposed.

These contributions do not seriously affect total-filterable-
solids determinations, but they frequently produce a serious effect on
. particle size and count determinations.

In view of this, exposure of the sampled particulate matter to
environmental contributions should be minimized by filtering for
particle-count criteria at the sampling site; by precounting the mem-
brane after the sampling tool is connected to the sampling point and
an initial operational fluid flow has occurred through it; by sampling
the flow and counting particles without disturbing or transporting the
sampling device between these operations; and by taking other allied
precautions that would minimize the contribution to the sample from
sources other than the operational fluid. The device proposed to
accomplish this is the in-line filter holder and counter (ILFHC).

Figures 1 through 5 show a high-pressure configuration of the
ILFHC and accessories designed for maximum portability, ruggedness,
and effective containment of high pressure, toxic, reactive or cryo-
genic operational fluids.

Figures 1 and 2 show the filter holding and counting chamber,
including the arrangement of the metallic membrane and support screen,
the belleville spring seal, the spring loaded ball bearing, optical
window and inlet tube, strongback supports, and circumferential clamp.

Inlet Tube
Mechanical

Clearance as Necessary Support Bushings

to Accomodate Cryogenic a
Refrigeration Dewar [
Optical

"i”“ ! -- Window

L pring Loaded
i' Ball Bearings
. s

5
ﬂ.
L TR e ! )

Pressure Support
For Optical

Microscope Radial
Traversing Crank Rotation

Ring Gear

"»,\and Support Screens
N,
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Spring Seal

o)
O

Rotation Worm Crank

Figure 1. ‘High-pressure ILFHC positioned above microscope fixture
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Optical Window
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Clamp
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Figure 2. High-pressure ILFHC chamber

For ambient liquids or gases, the circumferential clamp is tight-
ened prior to purge-flow and prior to sample-flow. This forces the
knife-edge of the belleville spring to seal against the nonporous cir-
cumferential zone of the metallic membrane. The strongback supports
are placed against the optical window and force is applied to them by
means of the strongback clamps until they bottom out, metal to metal,
on the inlet tube optical window upper seal nut. The face of these
supports applied to the window is a resilient plastic,

Sample flow is distributed radially through the porous annular
zone of the metallic membrane from the concentrically positioned inlet-
tube outlet,

When flow (and purging as required) is completed, the strongback
supports are removed and the circumferential clamp is loosened. This
allows the spring-loaded ball bearings to lift the upper chamber half
until the knife-edge seal of the belleville spring just touches the
membrane, with minimum friction, so that the lower chamber half can
rotate with respect to the upper.

This rotation is effected by the rotation worm crank, shown as
a portion of the microscope fixture, which engages the ring gear (an
inset pinion-stock gear) just outboard of the spring-loaded ball bear-
ing sockets. The microscope radial traversing worm gear moves the
microscope and its focusing mechanism radially with respect to the
membrane and chamber so that controlled relative movement between the
microscopic field and filtration surface is established in polar co-
ordinates. Full field or "statistical" counting of the filtration
surface may be performed.
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Note, in Figure 2, the upper chamber-half rotational lock which
engages the upper microscope traveling way when the microscope is pro-
jected radially onto the chamber. This serves to prevent rotational
movement of the upper chamber-half with respect to the microscope when
the lower chamber-half is rotated.

Figure 3 shows the holding cylinder for the filtration/counting
chamber, the attached microscope, microscope mount, traversing and
focusing assembly, the rotational worm crank and a phantom view of the
rotation worm assembly. The lower half circumferential seal flange
of the filtration/counting chamber bears on the support shoulder form-
ing the planar top of the holding cylinder. By this arrangement the
rotating ring gear of the former engages with the rotating worm gear
of the latter.

Rotation Worm Assembly

N

Prism Block

ILFHC Support
Shoulder

Figure 3. Pictorial view of microscope fixture
for high-pressure ILFHC

Figure 4 shows a double-walled insulating jacket used to effect
cool down of the ILFHC preparatory to filtration of LOZ’ LN, , and LH, .

This device, hinged on one side, is closed around the ILFHC
chamber and seals to it by semi-cylindrical elastomeric inserts in the
dewar halves which compress against the inlet and outlet tubes of the
filtration/counting chamber. Cryogen is then allowed to flow through
the annular space between the chamber and the dewar until the chamber
temperature is at the boiling point of the cryogen, after which sample
flow is commenced through the filtration/counting chamber. Figure 5
shows the ILFHC as it might look while in use.
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Particle Monitoring

At present, there are four operable concepts of automatic particle
counters. The HIAC Automatic Particle Counter, Figure 6, detects the
projected cross-sectional area of particles passing between the light
source and the phototube by measuring the momentary reduction in the
output signal from the phototube caused by the particle shadow. The
manufacturer believes that this instrument could be adapted for cry-
ogenic usage and for the gases included in this study. RP-1 and GN,
have been monitored by this instrument, but its adaptability for
NZO4 and the amine fuels is not known.

Cells are available which count particles in selected size cate-
gories from 85 to 2500y with a capability of up to 12 particles/cc
without coincidence, and from 35 to 1000pu with a capability of up to
75 particles/cc without coincidence, at a flow rate of 3 liters/minute.
All of the fluid presented to the instrument is sensed and none is
bypassed.

Lgum
SAMPLE DIRECTION
MICROCELL FLUID PASSAGE
\ CHAMBER

CATHODE LoW
PHOTOTUBE FOLLOWER PASS FILTER
LIGHT SOURCE

&t C I H

NO. 5
(CROSS-SECTIONAL AREA KNOWN)
STAKDARD NULL METER
REFERENCE VOLTAGE
NO. 2
e 1(1_@—

SENSITIVITY
COUNTERS
CONTROLS

Figure 6. Schematic diagram of HIAC
automatic particle counterx

The Royco Particle Counter, Figure 7, detects the light scatter-
ing by the particles at 90 degrees to the incident light. The intensity
of the scattered light is sensed by the photomultiplier tube whose out-
put is amplified and discriminated and sent to the size range counters.
The manufacturer believes that the instrument can be adapted for cryo-
genic usage, that it can be used for the gases included in this study,
and that it appears feasible to use it for particles larger than 10u
in N204. It is used for RP-1 and for gases up to 25,000 psi. The amine
fuels have not been investigated. The flow rate of the liquid cells
is 100 cc/minute and can be raised to 1 gal/minute with some loss of
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sensitivity. (The sensitivity is for particle categories considerably

smaller than those in the fluids in this study.) The flow rate of the

gas cell is 1/10 standard cu ft/minute. There is no internal bypass in
the instrument.
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=] Vhier [ —cnamnrn— FLo¥ LIGHT
N METER l CHOPPER
' OPTICAL
VIEWING CELL
DILUTION PARTICLE

FLOW PHOTO SIZE
] .E
METER TUBE ANALYZER

t LAMP | [

SAMPLE NUMBER OF
FILTER FLOW 0000000
CONTROL PARTICLES
It ]
SAMPLE FILTER OUTLET PUMP RECORDER
-— :R [e— | DILUTION Pa— OUTPUT
oUT VALVE

PRINTER -]_l
GALVANOMETER

POTENTIOMETER

Figure 7. Schematic diagram of the optical sensor
portion of the Royco nephelometer liquid
borne particle monitor

The MicroScan Continuous Contamination Monitor, Figure 8, measures
the capacitance change of the sample stream due to particles and free
water. The sensors consist of two capacitor plates between which the
sample stream passes. The readout is a function of the total volume
of the contaminant and thus no size or count is sensed. Particles
larger than 200, are separated before reaching the sensing chamber.

A portion of the sample stream bypasses the sensing chamber.
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Figure 8. Schematic diagram of the MicroScan




The manufacturer states that the instrument has application for
RP-1 and possibly the amine fuels, but applicability to any of the
remainder of the fluids is doubtful.

The Sperry Liquid Contaminant Level Indicator, Figure 9, senses
particles in a fraction of the cross-sectional area of the sample stream
by measuring the amplitude of a reflected 5.0 mc ultrasonic pulse pro-
duced by a lithium sulphate transducer.
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TRANSDUCER

ELECTRICAL CABLE TO
TRANSDUCER

None of the automatic particle countzars described can detect or
report the longest dimension of the particle or fiber, Since most, if
not all, existing contamination control criteria are defined in terms
of the longest dimension, new criteria would have to be developed to
permit use of the automatic counter, or a correlation would have to be
demonstrated between particle size and count, determined by the auto-
matic counter, and size and count determined by the light microscope
method (SAE ARP 598).
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It thus appears that modifications to existing designs may be
necessary to permit automatic monitoring of particulate contamination
in the fluids discussed in this paper. Nevertheless, the advantage to
be gained from the use of automatic particle counters in fluid systems,
so integrated into the system that flow will be automatically stopped
if excessive contamination is detected, is obvious. It is astonishing
that the adaptation of automatic particle counters to fluid systems
associated with large rocket test facilities has been so long neglected.

Isokinetic Sampling

The foregoing discussions on particle sampling and monitoring
assume that the particulate matter in the fluid being sampled or mon-
itored is representative of the main fluid stream. Workers at Oklahoma
State University have shown that, for particles smaller than 100y in
fluids as viscous as MIL-H-5606 hydraulic oil, simple side tap sampling
of turbulent streams will give representative samples of particle con-
tamination (Reference 1). However, Wyle Laboratories has shown that,
for water and gases, isokinetic sampling devices are required if repre-
sentative samples of particle contamination are to be obtained (Ref-
erences 2 and 3), Our recommendation, therefore, is that all samples
taken from cryogenic fluid streams and all particulate samples taken
from the remainder of the fluids while in operational flow be taken
through a Wyle Laboratories dynamic fluid sampler or a Maledco Engineer-
ing Company turbulent flow sampling valve, depending on the line sizes
and fluids involved.,

The Wyle unit incorporates two basic principles: (1) inclusion
of a mechanism which permits the withdrawal of a "slice'" of fluid from
the full cross section of the fluid system; (2) maintenance of iso-
kinetic flow conditions both inside and outside of the sample with-
drawal mechanism. The Maledco unit is designed with a "Z' section flow
path which creates turbulence, and the sample is withdrawn directly
from the turbulent section.

Figure 10 shows a partially exploded view of a Wyle dynamic fluid
sampler., The inlet face of the wedge, which is the second item in the
center lower foreground, can be clearly seen. Figure 11 shows a sketch
of the dynamic fluid sampler installed in a line for automatic inline
sampling of the fluid stream. The differential pressure transducer
senses the difference between the static line pressure and the total
pressure within the sample withdrawal mechanism. Therefore, when the
differential pressure is zero, the mainstream velocity and the sample
velocity within the sampler withdrawal mechanism are equal and iso-
kinetic flow is attained.

lR. E. Reed, R. H. Tucker, and K. Stone: Study of Filtration

Mechanics and Sampling Techniques. Oklahoma State Unlversity, Stillwater,
Oklahoma, Technical Summary Report, 30 November 1964.

2L. N. Mortenson: Evaluation Testing of a Flow Sampling System
Designed by the Fluor Corporation Ltd. AFBMD-TR-61-38. Wyle Labora-
tories, El1 Segundo, California, 20 March 1961. ‘

3L. N. Mortenson: Evaluation Testing of a Flow Sampling Wedge.
AFBSD-TR-61-53. 1Ibid., 1/ July I961.
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Figure 10. Wyle dynamic fluid sampler
(partially exploded view)
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Figure 11. Dynamic fluid sampler installed for
‘ automatic inline sampling
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In an operational system the dynamic fluid sampler would divert
between 1 and 5 percent of the main fluid stream. For systems having
a large flow rate, the diverted stream would flow through a second
sampler, which would again divert 1 to 5 percent of the flow. Thus,
a 1 gpm sample could be obtained from a system flowing 10,000 gpm.

Purity Monitoring

General

During the survey of launch and static test facilities only a
few instances of on-stream monitoring of operational systems for the
fluids of interest were found. These were:

1. Flame-ionization hydrocarbon analyzers for total
hydrocarbons. These served both as continuous
analyzers and periodic analyzers;

2, Moisture meters that read by the hydrolysis of
absorbed water on hygroscopic plates. These are
used for both continuous and periodic monitoring;

3. The fritted silver--KOH type 0, analyzer for oxygen
content in gases. These were tsed as continuous
on-stream analyzers;

4. A gas chromatograph that was programmed by elec-
tronic tape for on-stream measurement of trace
gas contaminants in hydrogen;

5. An instrument designed to measure the ortho-para
ratio of hydrogen continuously on-stream;

6. A liquid process moisture meter that measured
moisture content in petroleum products, This
device was used continuously on-stream.

All of the organizations visited used various means of instrumen-
tal analysis in a laboratory for some contamination parameters in all
of the fluids of interest, with the exception of N20 . However, a
number of these organizations still depended quite héavily on wet
chemical analysis. In general, laboratory methods of instrumental
analysis consisted of gas chromatography; infrared, ultraviolet,
visible, and mass spectroscopy; electrolytic-type hygrometers for
moisture content; and flame ionization meters for total hydrocarbon
analysis.

Ideally, the ultimate contamination sensor would be a sensing
probe connected to some type of readout device that indicates the
amount of every contaminant in all fluids. Such a device does not
exist and it is doubtful that it can be developed in the foreseeable
future. Nevertheless a survey of instrumentation manufacturers was
made to find available instrumentation capable of providing continuous
monitoring of one or more of the parameters of interest.
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Because very few types of continuous monitors were found, an
alternative approach was formed. This approach was to provide an in-
tegrated system of continuous monitors for parameters that could be so
monitored, and rapid recycle periodic monitors for those parameters
that are impossible to monitor continuously. This integrated system
comes as close to the idealized concept as is possible. Even though
the system is not totally continuous, it would provide a better con-
fidence level with regard to the condition of the propellant or
pressurant that is loaded on the vehicle than does the present method
of batch sampling.

The primary design criteria for a contamination sensor to be
placed in given fluid system are that the sensor be capable of detect-
ing and quantifying all parameters defined by the applicable specifica-
tion and, in doing so, demonstrate accuracy and repeatability. The
sensor must perform its operation of detection and quantification on a
continuous basis and response should be as rapid as possible. Port-
ability is desirable; however, it is not a firm requirement. If the
instrumentation is installed permanently, it must be capable of with-
standing the enviromment existing during launch. In addition, the
instrument must be explosion proof if it is to be used in an area where
flammable vapors might exist. The instrument must be of minimum size
and weight consistent with all the other requirements stated.

Obviously the only criterion firmly defined above is that of
detecting and quantifying and purity/impurity parameters specified in
the applicable specification. Based on information supplied from the
instrumentation manufacturers, no single instrument is available that
can measure all these parameters. However, there are instruments that
can measure a number of them. These instruments can be grouped into
two separate types of systems., One system uses mass spectrometers in
conjunction with hydrocarbon analyzers, moisture monitors, and ppm
oxygen analyzers for the analysis of the contaminants in the cryogenic
liquids and the gases. The other system substitutes process stream gas
chromatographs for the mass spectrometer to provide the same analyses.
Both systems would use process gas chromatographs for the analysis of
the storable propellants and RP-1.

Both systems are capable of analyzing impurities to levels pre-
scribed in the applicable specifications. However, the mass spectrom-
eter is not capable of providing the analysis required for acetylene
content (0.25 ppm) in oxygen. It also does not accurately provide the
analysis required for the combined oxygen and argon content in hydrogen
and helium ?1.0 ppm) or the analysis required for hydrogen content in
helium (1.0 ppm). The sensitivity of the mass spectrometer given for
those analyses is 1 * 1/2 ppm. This number indicates an error of *50%
at 1 ppm.

The manufacturers claim that the gas chromatograph is capable of
making all the desired resolutions including the low ppm resolutions.
However, it still is doubtful that any instrument can come any closer
to these limits than the mass spectrometer. The moisture monitor, the
ppm oxygen analyzer, and the hydrocarbon analyzer are capable of provid-
ing continuous monitoring at the desired levels of sensitivity. There-
fore, these instruments can be used in most cases where these analyses
are required. The mass spectrometer is not capable of continuous read-
out, but it is capable of performing specific analyses for individual
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contaminants in approximately 1 second. The gas chromatographs take

15 seconds to 7 minutes to provide the same analysis. A 5-to-7 minute
time span for analysis is the best that can be obtained by commercially
available equipment. With considerable development of such new GC
techniques as capillary column chromatography, the 5-to-7 minute time
span can be cut to as low as 15 seconds, although 2 minutes appear
more likely of attainment. Because of the extensive development re-
quirement, it is impossible to establish a firm design criteria for
time of analysis.

Size and weight of the moisture monitor, hydrocarbon analyzer,
and the oxygen analyzer are well defined for the laboratory instrument.
These are small, lightweight, portable instruments. The requirement
for explosion and shock proofing these instruments will substantially
increase their weight and size. This value cannot be defined for most
instruments. The size and weight of the gas chromatographs are gen-
erally undefined because these parameters are a function of the tech-
nique used, e.g., a capillary-type chromatograph would weigh less than
the conventional type.

No specific requirements for response time, accuracy, or repeat-
ability can be given at this time for the gas chromatograph or the mass
spectrometer because these parameters are also a function of develop-
mental effort. Response times, accuracy, and repeatability for the
total-hydrocarbon analyzer, the electrolytic hygrometer, and the infra-
red, ultraviolet, and oxygen analyzers are well defined.

Based on the previous discussion the following types of monitors

are recommended for monitoring specific contaminants in the fluids
pertinent to this discussion.

Gaseous Nitrogen

1. Purity can be monitored by instrumental determination
of impurities and the automatic subtraction of these
from the total;

2. Hydrocarbons can be monitored by a flame-ionization
total-hydrocarbon analyzer;

3. Moisture can be monitored by an electrolytic hygrom-
eter that indicates hydrolysis of absorbed water in
hygroscopic plates or by a mass spectographic analyzer;

4. Trace 0y can be monitored by a ppm oxygen analyzer, the
style that has lead and fritted silver electrodes
immersed in a KOH bath.

1. Purity can be monitored by instrumental determination
of impurities and the automatic subtraction of these
from the total;

2. Hp, N9, Op, and moisture can be monitored by a mass
spectrographic analyzer;
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3. Alternatives ~ N2 and Hp can be monitored by a process
stream gas chromatograph; 02 can be monitored by a ppm
oxygen analyzer; moisture can be monitored by an elec-
trolytic hygrometer;

4. Hydrocarbons can be monitored by a flame-ionization
total-hydrocarbon analyzer.

Gaseous Oxygen

1. Purity can be monitored by the paramagnetic oxygen
analyzer;

2. Moisture can be monitored by an electrolytic hygrometer;

3. Total hydrocarbons can be monitored by a flame-ionization
total-hydrocarbon analyzer;

4., Acetylene content can be determined by nondispersive
infrared spectroscopy. (It is not necessary to monitor
for acetylene content in gaseous oxygen when total
hydrocarbons are monitored. Acetylene is always moni-
tored in LO2, even though LO2 is analyzed in the vapor
phase.

Gaseous Hydrogen

1. Purity can be monitored by instrumental determination
of impurities and the automatic subtraction of these
from the total;

2. 02, Ar, helium, carbon bearing gases, and moisture can
be monitored by a mass spectrographic analyzer;

3. Alternative - These commodities can be measured by a
process stream gas chromatograph;

4. Total hydrocarbons can be monitored by a flame-
ionization total-hydrocarbon analyzer.

Liquid Nitrogen

No monitoring devices are capable of measuring contamination
directly in cryogenic fluids. There is very little hope that such
a device will be or can be developed in the future. However, for LNj
and LOp of propellant grade, a continuous cryogenic sampler that uses
a continuous flash vaporizer can be used in conjunction with the in-
strumentation proposed for the gaseous phase of these commodities to
perform the required analysis. These cryogenic samplers are commer-~
cially available in several forms.
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Liquid Hydrogen

For LHy, a continuous cryogenic sampler, in conjunction with the
instrumentation proposed to monitor GH2, will be sufficient to analyze
all contaminants.

A-50

The NpHy, UDMH, amine, and moisture content of A-50 can be moni-
tored by a process stream gas chromatograph.

MMH
Purity and moisture content can be monitored by a process stream
gas chromatograph.

N7 Oy,

There is no known way of measuring purity or contamination con-
tent by instrumental methods. Some manufacturers have proposed the use
of a process stream gas chromatograph for these analyses. However,
each proposed chromatograph requires an extensive developmental effort,
with no guarantee that the method will prove to be really satisfactory.

RP-1
1. Mercaptans can be monitored by nondispersive infrared
at 3.92y;

2. Aromatics can be monitored by nondispersive infrared
at 5.1p;

3. Olefins can be monitored bv nondispersive infrared
at 1lyg;

4, Existing and potential gums cannot be monitored;
5. Moisture can be monitored by an ultraviolet analyzer;

6. All the above instruments require a vaporized sample
for proper operation; therefore, these instruments
must be used in conjunction with a high-temperature
vaporizer and the analyses made in the vapor phase;

7. Sulfur in solution could possibly be determined by
variations in light transmission monitored by a
photocell. This technique will take a long time
for development., Sulfur not in solution can prob-
ably be filtered out mechanically and will not
contribute significantly to the total sulfur content.
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Figure 12 shows a schematic of one of the liquid oxygen storage
and transfer systems at Cape Kennedy, with suggested points for moni-
toring contamination. Suggested sampling points are indicated by S1,
52, etc.; suggested monitoring points are indicated by M1, M2, etc.

LOy is received in transport trailers and transferred to the 900,000
gal. dewar located 1450 feet from the launch pad. A circulation pump
could be installed between the fill line to the dewar and one of the
main transfer lines to the S-IC to obtain tank samples (point S1) while
LOp is circulated through valves Al and A79. Point S1 can become a
monitoring point by sharing equipment provided for M1 and M2 and the
installation of switching equipment. The locations of monitoring points
M1, M2, M3, and M4 are such that they are downstream from pumps and
filters in the storage area and on the main £ill and replenishment
lines. Alternative monitoring points MAl through MA5 are suggested

for points that are nearer the interface of the vehicle and downstream
of the final filter. However, these points are less desirable because
of the environment the instruments will be exposed to and problems
associated with sharing equipment. Optional monitoring points MOl
through MO3 are indicated in the event it becomes necessary to monitor
the properties of fluid being returned to storage.

Point M1, on the main fill line immediately downstream of the
storage area, would be equipped with a flame-ionization hydrocarbon
analyzer, a moisture monitor, and a paramagnetic oxygen analyzer, to
provide an indication of hydrocarbon content, moisture, and oxygen
purity. An automatic particle counter, when available for liquid
oxygen use, should also be located at this point.

Point M2, on the topping line in the storage area, would be
equipped similarly to point M1l. Point M3, on the topping line at the
launch area and point M4, on the main £ill line at the launch area,
would be equipped with a hydrocarbon analyzer, a moisture monitor, and
a particle counter.

Measurements from all points would ultimately be fed to the
Launch Control Center so that all parameters would be monitored during
loading. 1In the event that excessive contamination were detected dur-
ing the loading or topping operations by the data processing system,
automatic shutdown of the flow would be initiated, thus obviating the
introduction of contamination into the airborne vehicle.

Similar monitoring systems for the other fluids could be set up
in much the same manner. For all of the fluids there is available a
good system of instrumentation consistent with the state-of-the~art
that can provide continuous monitoring of contamination. Some of these
instruments are off-the-shelf items while others will require some
development. Nevertheless, the automation of contamination monitoring
of operational fluid systems associated with large rocket boosters and
spacecraft is well within the state-of-the-art; the implementation of
automated monitoring of these systems is long overdue.
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5. MEASUREMENT OF CONDUCTIVITY OF LIQUIDS AS A
MONITOR FOR CONTAMINATION

by

Sidney Balsbaugh, Balsbaugh Laboratories, Inc.,
and Verity C. Smith

Presented by

VERITY C, SMITH

Barnstead Still and Sterilizer Co. Inc.,
West Roxbury, Massachusetts

The problem of developing methods of measuring various impurities
in liquids, gases, and solids, as well as the detection of contaminants
on surfaces, has been of interest to the electronics, space, and atomic
energy industries for many years; however, the technologies have become
more sophisticated, and the requirements for cleanliness have also be-
come more stringent. The method of test for traces of contaminants in
materials used in production has been lacking so that production per-
sonnel have relied upon techniques of handling the materials as insur-
ance against their contamination. If this had not been the case,
progress in all of these fields would probably be in a sad state. On
the other hand, there is no reason why we should not continue to work
on improved test procedures for the detection of trace impurities,
especially in the more critical areas. Solvents, both polar and non-
polar, certainly fall into this category.

It is somewhat ridiculous to prepare a semiconductor device, or
even the water system of the Apollo spacecraft, with all types of air
filtering devices, pure gases, solutions of chemicals, and water if,
as a final rinse, one uses an alcohol badly contaminated, not only with
particulate matter, but also with dissolved ionized or un-ionized solids.
Fortunately, particulate matter in the range of from 1/10th of a micron
to 1 micron is coming under scrutiny as a result of the development of
solvent resistance membrane filters, Of course, conventional membrane
filters may be used for the study of particulate matter down to the
range of 10 millimicronsin the case of liquids that do not attack the
membranes.

Dissolved organic matter has come under investigation with the
development of chromotography and infrared spectroscopy; however,
these procedures are complex and, generally speaking, cannot be used
on a continuous production basis. The industry obviously needs a quick,
easy method to give the operator an idea of the relative purity of many
solvents besides water. With this problem in mind, Balsbaugh and Smith
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presented a paper at the ASTM Symposium, in October, 1962.l An éftempt
was made at that time to establish values of resistance of Freon®, tri-
chloroethylene and isopropyl alcohol measured at various temperatures
at a purity which was hoped to be close to the ultimate for practical
purposes. The data clearly indicated a drop in the resistance with an
increase in temperature, which seemed to be quite consistant.

Since that time the subcommittee on Contaminants in Liquids of
ASTM Committee F-1 has drawn up a procedure for measuring the resistance
of solvents, Method F-58-65T. Because there has been little quantita-
tive data available on the relationship between the resistance of the
solvent and the actual purity, the method has not been practiced to any
extent as far as we know, though it appears that further consideration
should be given to this method of approach.

For this symposium, Mr., Balsbaugh and Mr. Smith set up essentially
the same distillation apparatus used previously in an attempt to prepare
a relatively pure solvent which could then be measured before and after
being contaminated by various impurities. Time was limited so that the
complete investigation of contamination, not only by solid surfaces,
but also by gases and liquids was impossible, and concentration was on
detecting the change in resistance of the solvents before and after
they had been in contact with copper, stainless steel, and Tef lon®,

The distillation apparatus consisted of a Barnstead model EPR-1/2
Quartz Redistiller followed by a guarded Balsbaugh type 100T3 Conduc-
tivity cell designed to measure the resistance directly from the dis-
tillate column. Following this cell the solvent was passed through a
piece of block tin tubing immersed in a constant temperature water bath.
Subsequent to this, we had a PyrexC)cell holder containing cell No. 2,
then the test coil immersed in the same constant temperature bath
followed by cell holder No. 3 and cell No. 3 of the same design. All
measurements on the Freon were made on a General Radio type 1230-A
Electrometer. This standard dc amplifier and electrometer was used
with a 90-volt auxiliary battery supply. The isopropyl alcohol was
measured with a Balsbaugh Laboratory Bridge, Model 100LRB,

We ran the tests at different temperatures and attempted to hold
the flow rate constant through the copper, stainless, and Teflon coils.
The tin coil was used merely to reduce the temperature of cell No. 2
to the temperature of the outlet cell. We recognized that the tin might
contaminate the liquid. However, it was chosen on the basis of its
general passivity toward water and also a verbal communication with
an engineer at the Dupont Freon Products Division indicated that tin
sealed inside a glass tube in contact with Freon seemed to have been
less affected by the Freon than any of the other metals tested.

It was hoped that we would find a relationship between the
resistance and the contact time with the various sections of tubing.
We had also hoped that there might be some temperature relationship,

-

Fourth Pacific Area Meeting of ASTM, Los Angeles, California,
October 1-3, 1962. This paper '"Cleaning and Materials Processing for
Electronics and Space Apparatus' is found in the ASTM Special Technical
Publication No. 342 and is obtainable from the Society Headquarters.
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though the mechanism of contamination of a nonpolar solvent by a solid
is not necessarily temperature sensitive, especially in the short range
from 280° to 320°K. Analysis of the assumed contaminated solvents was
also conducted to try to obtain quantitative information.

Fortunately, we did get a clear indication in all cases of a drop
in resistance with the passage of the liquid through the tubing. These
data are shown in Table I for Freon and isopropyl alcohol in contact
with Teflon, copper, and stainless steel tubing. The tubing in each
case had an approximate inside area of 1 square foot, which gives a
constant of 0.157 milliliters per square centimeter per second when
the flow rate of the liquid through the apparatus is considered. The
table has columns on the change in resistance and on the percent dif-
ference in the resistance reading before and after the contaminating
coil, We felt this was more realistic because the numbers are large,
in the range of 1016 for Freon and 107 for isopropyl alcohol; thus, the
pure change in resistance is not too significant.

TABLE I

Change in Specific Resistance of Freon
and Isopropyl Alcohol after Contact
with Copper, Teflon and Stainless
Steel at 25°C

FREON
Coil Material akrR % Chonge
Teflon 3078 x 10'® 5.4
Copper 19.47 x 10" 63.0
Stainless Steel | 15.47x10" 54.7
ISOPROPYL ALCOHOL
Teflon 0.97x 107 8.3
Copper 357 x107 435
Stainless Steel 355x 107 494

It is interesting to note that with the exception of isopropyl
alcohol passing through Teflon, the relative change in the resistance
approached 50 percent in the case of both Freon and isopropyl alcohol.
It also may be significant to report that when we compared the results
of the previous work with these data, we find that we assumed pure
Freon had a resistance of approximately 3.4 x 1016 ohm-cm at 25°C; we
find that the Freon at No. 2 cell under the same condition has a resist-
ance of 3.1 x 1016, This resistance dropped to 1.1 x 1016 after passage
through the copper coil, 1.3 x 1016 after passage through the stainless
steel coil, and 1.4 x 1016 after passage through the Teflon coil. The
temperature variation did not seem to have a significant effect, but
this may have to be studied further.
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When these experiments were conducted, an attempt was made to
test for copper in the solvent that had been in contact with the copper
coil, and iron in the solvent that had been in contact with the stain-
less steel coil. Though the method used for copper should have been
sensitive in the range of a fraction of a part per billion, we found
no indication of any copper. Likewise, we found no detectable iron.
These colormetric methods of detection of ions certainly cannot be con-
sidered too good if we are concerned with molecular contamination in
the true sense.

An examination of the electrical characteristics of a single
electron might be considered at this point, since there may be consid-
erable significance to the electrical charge of a single ion and a
quantitative deduction on the purity of the sglvent. If it is assumed
that the charge on the electron is 4.8 x 10-10 electrostatic units, one
may convert this to 1.58 x 10-19 amp-seconds per electron. If we go
one sigp further, we can conclude that a solvent having a resistance
of 10 ohm-cm, measured at a voltage of 10-3 would have an amperage
of 10-19, which is _approximately equivalent to 1 electron. Likewise
a resigtance of 1016 with a voltage of 1/10th would have an amperage
of 10-17, roughly equivalent to 60 electrons. It is quite possible,
therefore, that we are actually measuring molecules of impurities in
the Freon which would be completely undetected by other techniques.

We are also aware of the fact that a polar solvent, such gs
isopropyl alcohol with a measured resistance in the range of 107 would,
by its nature, have a measurement of approximately 1010 molecules be-
cause of the inherent disassociation of the isopropyl alcohol molecules.
We also note that the isopropyl alcohol shows a considerable drop in
resistance with passage through the two metals, but not through the
Teflon, indicating that the impurities picked up from the Teflon are
unimportant when compared to the number of molecules already dis-
associated in the liquid.,

Being aware of the pitfalls involved in measuring very high resist-
ances, we considered the possibility that this resistance might be
altered merely by the streaming potential of the liquid passing through
the tubing. On the other hand, our previous work showed that the resist-
ance did not change appreciably with a change in flow rate over a fairly
wide range, which tends to lessen our concern in this area. We also
realize that particulate matter, when suspended in a nonconducting
liquid, will set up a potential in this liquid. It is, therefore,
possible that particulate matter might be responsible for the apparent
change in resistance. Similarly, molecules of organic matter dis-
solved in the solvent might change the resistance merely by their
presence in the electrical field of the cell.

Though we do not feel that we have proved that the resistance of
the solvents tested varies quantitatively with any particular impurity,
we do feel that it is safe to assume that solvents in contact with a
solid will become contaminated by that solid to a degree. We also feel
that this contamination can be measured by measuring the resistance of
the solvent, and that the users of the various solvents can quite
easily set up standards based on resistance measurements.
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It would be the responsibility of each process engineer to
develop his own standards based on the practical recognition of the
fact that one must be able to produce the solvent of the standard
required at the site, or one must have a method of transporting it to
the point of use in the uncontaminated state. Our informal check on
the resistance of purchased, high grade solvents as obtained from the
container, indicate that the conductivity varies widely from batch to
batch and that most of them are quite contaminated if the comparison
between the conductivity of freshly distilled solvent is made with
that same liquid after it has been stored in a container. We strongly
suggest that one should not overlook this relatively inexpensive, simple
approach to the detection of contaminants in solvents.
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6. CONTAMINATION EFFECTS AND CONTROLS IN SATURN
LAUNCH VEHICLE HYDRAULIC SYSTEMS

by
Victor R. Neiland

Presented by

F. J. BEYERLE

Propulsion and Vehicle Engineering Laboratory
Marshall Space Flight Center
Huntsville, Alabama

Abstract

Unlike industrial or aircraft liquid systems, man-rated launch
vehicle systems must always function to insure a successful and safe
mission. The background and present concept relating to contamination
control of SATURN hydraulic systems is presented. Contributors to
contamination and contamination tolerance levels are discussed. The
contamination control approach evolved and employed for the SATURN
hydraulic systems is also presented.

Introduction

Fluid system contamination became an acute problem during the
development of a ballistic missile about 10 years ago. From then until
now, the aerospace industry has accepted the contamination challenge
and a decade later is finally able to understand and effectively control
it.

Only retrospectively can one appreciate the progress made in this
field during the past decade. Figure 1 shows a typical hydraulic system
of 10 years ago. Ground equipment cleaned and purged the on-board hy-
draulic system. Since a number of features were '"added on' to the
system, the resulting network was difficult to purge. Many ''dead ends"
and restricting branches were present., It was not unusual for cleaning
operations to last for 40 hours. Ground filtration of the low micron
depth type was not generally available for medium pressure systems.

The Whatman method of determining contamination levels did not give
consistent results since some contamination became obscured within the
sample patch.
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Even though wire mesh filters were available, they were poorly
designed from a structural standpoint and were capable of media migra-
tion. Other media were tried with poor results (see Figure 2).

Figure 2., Failure of sintered bronze filter
elements after vibration

Servo valves were very sensitive compared to components that are
currently available. 'Built-in' contamination was not unusual. Valves
used for sampling the system added considerably to the system level.
Sampling was done at manifolds far removed from the sensitive component
and periodically 'unloaded" contaminant so that the sample was not
reliable.

The hydraulic industry was not able to aid the plight of the
user, since little had been done to investigate this area. Component
cleaning was considered time consuming and costly. Clean rooms were
in their infancy. Hydraulic components were not readily available
and uprating and modification of existing items were frequently
required.

Sources and Effects of Contamination

Contamination becomes a part of a fluid system in one of three

ways:
1. Generated
2. Built-in
3. Environment
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Generated contamination is formed by any dynamic mechanism, such as a
pump, accumulator, or actuator. This material can be formed by wear,
erosion, cavitation, or abrasion. The migration of filter media under
certain environmental stimuli can generate contaminants., Another form
of generated contamination is caused by the breakdown of the fluid or
its interaction with other substances within the system. Illustrations
of generated contamination can be seen in Figure 3.

"Built-in'" contaminants can be controlled by better processing
of components. Particles left over from manufacturing operations, such
as machining chips and burrs, weld slag, lapping compound, scale, oxides,
corrosion products, lubricants, waxes, residual fluids, and material
introduced by ground units are sources for this type of contaminants.
Examples of internal contamination are shown in Figure 4,

Contamination introduced from the outside environmment when the
system is serviced or actuated constitutes another source of contamin-
ation. During operation, material can enter through vents, filling
ports, actuator pistons, or relief valves.

The last two types of contamination can be minimized by an effec-
tive program of component cleaning and system servicing in a controlled
working area. Generated contaminant can be reduced by component design
changes, material substitutions, protective finishes, careful acceptance
tests, investigating abnormal conditions and taking corrective action.

Thus, the contamination level of a dynamic fluid system is the
degree of cleanliness at any specific time resulting from built-in
contaminant, generated contaminant, environmental contaminant, and
contaminant removed from the system by filtration (see Figure 5B).

The sensitivity or tolerance level of a system is determined by
the ingredients that go to make up the system and its operational mode.
These factors and the considerations associated with them are as follows:

1. Component configuration:

element design
clearances

surface finishes

2. Component materials:
seals
moving parts
bearings

housings and sleeves

3. Operational requirements:
speed
pressure
temperature

vibration, surge
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A. FILTER HOUSING CORROSION B. PUMP PISTON SHOE EROSION
-CAVITATION

.y

C. PUMP CYLINDER BLOCK CAVITATION - D. ACCUMULATOR SLEEVE ABRASION
EROS ION

E. PUMP COMPENSATOR $SPOOL F. RESERVOIR PISTION O-RING
SROSION WEAR

Figure 3. Generated contamination
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A. FIBER MAT CAUSING RELIEF B. WIRES FOUND DOWNSTREAM OF
VALVE TO FAIL OPEN WIRE MESH FILTER ELEMENT

C. LUBRICANT IN FILTER D. CUT O-RING IN FILTER
MANIFOLD ELEMENT CAVITY

Figure 4. Built-in contamination
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4, Fluid properties:
viscosity
film strength

surface tension

These factors define the physical limitations of a hydraulic system
and will determine how sensitive the system will be and what contam-
ination controls are required for satisfactory and reliable operation
(see Figure 5A).

COMPONENT CONFIGURATION

COMPONENT MATERIALS ——————m={ SYSTEM CONTAMINATION | SYSTEM
OPERATIONAL REQUIREMENTS —#= TOLERANCE LEVEL LIMITATIONS

FLUID PROPERTY e

Figure 5A. Contributors to the system contaminant
tolerance level

BUILT IN CONTAMINANT ————— = SYSTEM SYSTEM
GENERATED CONTAMINANT—— == FILTER -—=={ CONTAMINATE
ENVIRONMENTAL CONTAMINANT CHARACTERISTICS LEVEL

SYSTEM CONDITIONS

Figure 5B. Contributors to the system
contamination level

Hydraulic pumps are generally considered one of the major con-
tributors to contamination in a hydraulic system. Figure 6 shows a
characteristic pump contaminant generation time curve. Pumps used for
Saturn usually are subjected to 12 to 15 hours of testing during manu-
facture and acceptance. This places the pumps on the decreasing or
lowest portion of the curve.
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Figure 6. Contaminant generation
periods for pumps

In most self-contained hydraulic systems, the large particles
are usually well controlled by recirculating flow through filters.
However, many areas in the system are vulnerable to particles below
5 microns in the form of silt, especially if they are metallic. Some
typical clearances encountered in high performance hydraulic systems
are shown in Figure 7A, and valve silting time versus fluid contaminant
level in Figure 7B. Recent work done at Oklahoma State Universityl
has shown that carbonyl iron can cause spools to stick more readily
than AC fine dust. The dilution of the carbonyl iron contamination
with AC dust will inhibit valve sticking. For silt to have a particu-
larly damaging effect, it must be tuned to the critical spool clear-
ance. Figure 8 shows a hydraulic pump piston which broke off from the
rotating group because of sticking caused by contamination.

Saturn Hydraulic Systems - Description

Figure 9 shows the three Saturn launch vehicle configurations.
Saturn I is a two-stage vehicle that served as a test bed for the
evolving Saturn family. An improved Saturn I, which contains a power-
ful S-IVB stage, is identified as the uprated Saturn I. Finally,

Saturn V is a 3-stage vehicle designed to propel the Apollo modules to
the moon. Figure 10 shows some of the salient features of this vehicle.

’ Ir1uid Power and Controls Laboratory; Dr. E. C. Fitch - Director
Study of Filtration Mechanics and Sampling Techniques; NAS8-11009.
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Figure 7A. Critical clearances in
hydraulic system
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100 GAL MOMOMETHYLHYDRAZINE (REACTION CONTROL SYSTEM

ob GAL WITROGEN TETROXIDE (REACTION CONTROL SYSTEM)
2500 GAL WITROGEN TE TROXIDE

DIME THYL HYDRAZINE

LUNAR MODULE

. 1 000 GAL NITROGEN TETROXIDE
(LUNAR MODULE ASCENT DECENT STAGE

1.200 GAL HYDRAZINE UNSYMMETRICAL DIMETHYL HYDRAZINE
(LUNAR MODULE ASCENT DECENT STAGE

66.900 GAL LIQUID HYDROGEN

20 400 GAL LiQUID OXYGEN

25 GAL NITROGEN TETROXIDE
AUXILARY PROPULSION SYSTEm
30 GAL wONOME THYLHYDROZINE
AUXILLARY PROPULSION SYSTEM

267 700 GAL LiQUID HYDROGEN

364

£7 400 GAL LIOUID OXYCEN

346 400 GAL LIQUID OXYGEN——u |

214200 GAL RP | (KEROSE

2100 GAL HYDRAZINE UNSYMMETRICAL

1 PITCH »OTOR (SOLID) 1.000 LBS THRUST
| TOWER JETTISON wOTOR (SOLID) 40.000 L8S THRUST
LAUNCH ESCAPE SYSTEM

——1 LAUMCH ESCAPE wOTOR (SOLID) !50.000 LBS THRUST

APOLLO COMMAND MODULE

12 CONTROL ENGINES (LIOUID) 88 LBS THRUST EACH

16 CONTROL ENGINES (LIOUID) 100 LBS THRUST EACH

SERVICE MODULE
1 ENGINE P 22K § (LIQUID) 21 900 L BS THRUST

16 ATTITUDE CONTROL ENGINES (LIQUID) 100 POUMDS TWRUST EACH
1 ASCENT ENGINE (LIOUID) 3,500 LBS THRUST

1 DESCENT ENGINE (LIOUID) 1,050 TO 10,500 LBS THRUST
(YARIABLE)

INSTRUMENT UNIT

THIRD STAGE

6 ATTITUDE CONTROL ENGINES (LIQUID) 147 LBS THRUST EACKH
2 ULLAGE mOTORS (SOLID) 3 400 LBS THRUST EACKH

2ULLAGE ENGINES (LIQUID) 72 LBS THRUST EACH

SECOND STAGE

8 ULLAGE mwOTORS (SOLID) 22 700 LBS THRUST EACH

S J 2 EWMGINES (LIQUID) 200 000 L BS THRUST EACH

FIRST STAGE

RETRO O TORS (SOLI0) 87 %00 L8S
THRUST EACH

5 F | BRCAES (LIOUID) | 500 000 L83 THRUST EAOH

Figure 10.

The Apollo/Saturn V

79




Saturn launch vehicle hydraulic systems furnish fluid power to
gimbal vehicle engines for thrust vector control. An independent,
closed loop system with built-in checkout capability is installed on
or near each gimbaled engine of the S-IB, S-II and S~IVB stages. Each
system consists of a main hydraulic pump (engine driven), an auxiliary
hydraulic pump (electric motor driven), an accumulator-reservoir module,
and two servoactuators. These components are interconnected by tubing
and flexible hose assemblies. Figures 11, 12 and 13 illustrate these
features,

The S-1C system initiated and developed b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>